This systematic review with meta-analysis sought to determine comparison of efficacy and safety of hydration with sodium bicarbonate versus sodium chloride on contrast induced nephropathy and clinical outcomes. We searched major electronic databases for studies in randomized controlled trials. A value of < 0.1 for Q test or 2 > 50% indicated significant heterogeneity between the studies. Literature search of all databases retrieved 650 studies. 29 studies enrolled in meta-analysis. Pooled analysis indicated about the incidence of CIN (OR of 0.718; 95% CI: 0.60 to 0.85; = 0.000), requirement of hemodialysis (OR of 1.00; 95% CI: 0.49 to 2.01; = 0.9), mean changes of serum creatinine (WMD of 2.321; 95% CI: 1.995 to 2.648; = 0.000), length of hospital stays (WMD of −0.774; 95% CI: −1.65 to 0.10; = 0.08), major adverse cardiovascular events (OR = 1.075, 95% CI: 0.59 to 1.95; = 0.8), and mortality (OR of 0.73; 95% CI: 0.42 to 1.26; = 0.2). Overall, hydration with sodium bicarbonate could significantly reduce CIN and the length of hospital stay compared to sodium chloride. In addition NAC added as a supplement to sodium bicarbonate could increase prophylactic effects against nephropathy.
Introduction
The contrast-induced nephropathy (CIN) is the third most common cause of acute renal failure (ARF) worsening in preexisting renal function impairment that has been associated with morbidity, mortality, and prolonged hospitalization as well as increase in therapy costs [1, 2] . Diagnosis of CIN is based upon acute impairment of renal function reflected by an absolute increase in the serum creatinine concentration of 0.5 mg/dL or by relative elevation as >25% of baseline within 2 days of contrast exposure [3, 4] . Chronic renal failure, diabetic mellitus, contrast media volume, and recurrent administration are considered impairment risk factors [3, 4] . The pathogenesis of CIN involves a combination of insults affecting renal tubular endothelial cells such as intrarenal vasoconstriction and ischemia, reperfusion injury, and toxicity of renal cells [5] . Currently, the standard of care in the management of patients who require coronary diagnostic imaging is enough hydration, minimizing the volume of contrast agent, and careful use of nephrotoxic drugs [6, 7] . Hydration could not only increase renal blood flow and reduce renal vasoconstriction, generation of renal 2 Cardiology Research and Practice vasoconstrictor substance and renal medullary ischemia but also directly reduce the toxicity of contrast agent and incidence of CIN [8] . Recently, studies have begun to evaluate whether volume supplementation with sodium bicarbonate may be superior to volume supplementation with sodium chloride 0.9% [9, 10] . Sodium bicarbonate can decrease the formation of reactive free oxygen radicals by increasing pH and producing renal protective markers [9, 10] . The ideal hydration regimen for preventing CIN remains undefined.
This systematic review with meta-analysis sought to determine the strength of evidence for comparison of effects of sodium bicarbonate versus sodium chloride on incidence of CIN, requirement of hemodialysis, level of serum creatinine, and mortality after coronary angiography.
Data Extraction and Outcome Measures.
Two investigators (Sadegh Ali-Hassan-Sayegh, Elham Rahimizadeh) extracted the data independently, and discrepancies were resolved via a consensus standardized abstraction checklist used for recording data in each study. Data retrieved from the trials included author's name, type of radiocontrast (low-, iso-, or high-osmolality), details of hydration regimens, mean baseline serum creatinine, study design, sample size, mean age, and gender. The incidence of CIN, requirement of hemodialysis, incidence of heart failure and mortality, duration of hospital stay, and levels of serum creatinine, sodium bicarbonate, and potassium were recorded for each group. For exploration of heterogeneity among trials, subgroup analysis of disparities in the patients' characteristics was performed for (1) average age (<65 versus ≥65 years), (2) diabetes (≤30 versus >30%), (3) radiocontrast (low, iso), and (4) procedure (elective versus emergency).
Definitions.
CIN is defined as ≥25%, ≥0.5 mg/dL, ≥25%, and ≥0.5 mg/dL increase in creatinine from baseline and renal failure is defined as new onset of hemodialysis.
Statistical Analysis, Publication
Bias, and Quality Assessment. Data were analyzed by STATA version 11.0 utilizing METAN and METABIAS modules. The effect sizes measured were odds ratio (OR) with 95% confidence interval (CI) for categorical variable. For noncategorical data the weighted mean difference (WMD) with 95% CI was used for calculating differences in serum creatinine, sodium bicarbonate, and potassium and length of hospital stay between sodium bicarbonate and sodium chloride groups. OR < 1 favored sodium bicarbonate and OR > 1 favored sodium chloride. RCTs with no events in the 2 arms were discarded from pooled analysis. Forest plots were created for each outcome. A value of < 0.1 for test or 2 > 50% indicated significant heterogeneity among the studies. Heterogeneity among trials was accounted for by applying a random effect model when indicated. The presence of publication bias was evaluated using the Begg and Egger tests. Quality assessment of RCTs was performed by using the Jadad score. The Jadad score assesses 3 items including randomization (0-2 points), blinding of study (0-2 points), and withdrawals and dropouts (0-1 points). Higher scores indicate better reporting ("high" quality: 5; "good" quality: 3-4; "poor" quality: 0-2). Results were considered statistically significant at a value less than 0.05.
Results

Literature Search Strategy and Included
Trials. Literature search retrieved 650 studies from screened databases of which 400 (61.5%) were excluded after initial review ( Figure 1 ). Of 250 primary included studies, 221 were excluded after detailed evaluation due to insufficient reporting of endpoints of interest. The final analysis included 29 RCTs. (Table 2) . Pooled treatment effect analysis revealed that SB versus SC significantly reduced the incidence of CIN with an OR of 0.718 (95% CI: 0.60-0.85; = 0.000) using a random model ( Figure 1 ). Significant heterogeneity was observed among the RCTs (chi-squared = 65.79, 2 = 59.0%). Subgroup analysis showed that preventing effects of SB was superior to SC on CIN in patients aged above and below 65 years, diabetic and nondiabetic patients, cases undergoing low-osmolality radiocontrast imaging compared to iso-osmolality and cases undergoing emergency angiography compared to elective angiography (Table 3 ). Begg and Egger tests showed that there was no potential publication bias among the included RCTs (Begg test, = 0.327; Egger test, = 0.327).
Study Characteristics and Effect
Requirement of Hemodialysis.
A total of 3765 patients were included from 19 RCTs reporting data on requirement of hemodialysis (Table 1) . After removing RCTs with no events in 2 arms, a total of 2267 patients were included from 10 studies enrolled in meta-analysis. From all patients, 1130 cases were allocated to SB and 1137 to the SC group. The overall incidence of requirement of hemodialysis was 1.32% ranging from 0.3% to 6.7%. Requirement of hemodialysis occurred in 1.32% of the cases in SB group and 1.31% in control group (Table 2) . Pooled treatment effect analysis revealed that SB versus SC could not reduce incidence of requirement of hemodialysis after coronary angiography with an OR of 1.00 (95% CI: 0.49-2.01; = 0.9) using a fixed model ( Figure 2 
allocated to SB and 631 to the SC group (Table 1) . Pooled analysis showed that SB had similar effects on mean serum creatinine with WMD of −0.250 (95% CI: −0.254 to −0.246; = 0.000) using a fixed model (Figure 3 ). No significant heterogeneity was observed among the RCTs (chi-squared = 3.03, 2 = 0.0%). Mean level of serum sodium bicarbonate for 5 trials was 0.46 ± 3.28 with 1.77 ± 2.93 for SB and −0.85 ± 3.63 for the SC group. From 891 patients, 448 cases were allocated to SB and 443 to the SC group (Table 1) . Pooled analysis showed that SB versus SC could significantly increase mean level of serum sodium bicarbonate with WMD of 2.321 (95% CI: 1.995 to 2.648; = 0.000) using a random model (see Supplemental Figure 1 in Supplementary Material available online at http://dx.doi.org/10.1155/2015/690308). Significant heterogeneity was observed among the RCTs (chi-squared = 23.58, 2 = 83%). A total of 656 patients were included from 3 RCTs reporting data on mean level of serum potassium (Table 1 ). Pooled analysis indicated that SB versus SC could significantly decrease mean level of serum potassium with WMD of −0.091 (95% CI: −0.171 to −0.011; = 0.02) using a fixed model (Supplemental Figure 2) .
Length of Hospital Stays (LHS).
Mean LHS for 5 trials (817 patients) were 8.47 ± 9.71 days with 8.24 ± 9.76 for SB and 8.7 ± 9.66 for the SC group (Tables 1 and 2 ). Pooled analysis revealed that SB had a trend towards decreasing LHS with a WMD of −0.774 (95% CI: −1.65 to 0.10; = 0.08) using a random effect model. No Significant heterogeneity was observed among the RCTs (chi-squared = 7.58, 2 = 47.2%).
Major Adverse Cardiovascular Events (MACE).
After discarding 5 RCTs for having no events in 2 comparative arms, 4 RCTs (914 patients) were included in the analysis. Major adverse cardiovascular events occurred in 5.66% of the cases in SB group and 5.27% in SC group (Tables 1 and 2) . Pooled treatment effect analysis demonstrated that incidence of MACE is similar in SB and SC groups (OR = 1.075, 95% CI: 0.59-1.95; = 0.8, and chi-squared = 4.77, 2 = 37.1%) (Supplemental Figure 3) .
3.2.6. Mortality. After discarding 7 RCTs because of no death event in 2 comparative arms, 8 RCTs were used for the metaanalysis. Mortality occurred in 2.26% in SB and 3.08% in SC group (Tables 1 and 2 ). Pooled treatment effect analysis showed that SB versus SC could not significantly reduce incidence of mortality with an OR of 0.73 (95% CI: 0.42-1.26; = 0.2) using a fixed model. No significant heterogeneity was observed among the RCTs (chi-squared = 7.43, 2 = 5.8%) (Supplemental Figure 4) . alone had trend towards reducing the incidence of CIN with an OR of 1.32 (95% CI: 0.87-1.99; = 0.1) using a random model. Significant heterogeneity was observed among the RCTs (chi-squared = 8.42, 2 = 52.5%) (Figure 4 ).
Sodium Bicarbonate versus Sodium
Discussion
CIN occurs in more than 15% of patients with chronic renal impairment undergoing diagnostic and therapeutic radiographic procedure [1, 2] . Approximately 0.5% to 12% of these patients require dialysis and longer length of hospital stay, accompanied by worsening of renal function, possibly expediting the evolution toward end stage renal failure [1] [2] [3] [4] . Several protocols have been introduced for prevention of CIN including: periprocedural hydration with isotonic or hypotonic saline and antioxidant compounds such as Nacetyl cysteine (NAC) or ascorbic acid, hemofiltration [2] [3] [4] [5] .
Regarding the fact that production of free radical oxygen is known as one of the most important pathogenesis of CIN, sodium bicarbonate with its alkali nature might be effective in prevention of CIN [9, 10] . The present study revealed that volume expansion with sodium bicarbonate infusion could stimulate dilution of circulating contrast medium and vasoconstrictive mediators and prevent activator of tubuloglomerular feedback and had preventing effect on the incidence of CIN more than normal saline hydration. The results of subgroup analysis indicated that hydration with sodium bicarbonate could reduce the incidence of CIN in both diabetic and nondiabetic patients. Also hydration with sodium bicarbonate showed to be more effective in emergency coronary imaging and high-risk patients as compared with elective coronary imaging. Jang et al. found sodium bicarbonate in remarkable preference to sodium chloride in prevention of CIN. They also reported that patients undergoing emergency imaging would receive more prophylactic effects compared to elective procedures [11] . Possibly acidbase and electrolyte imbalances in high-risk patients undergoing emergency coronary imaging would intensify following toxic effects of radiocontrast and sodium bicarbonate as an antiacid is likely to better control acidic conditions. Antioxidants reduce free radical oxygen, thus being recommended as appropriate therapeutic supplements [12] . The findings of our study suggested that NAC added as an antioxidant supplement to sodium bicarbonate had trend towards reducing the incidence of CIN more than sodium bicarbonate alone. Brown et al. reported that NAC plus sodium bicarbonate hydration could have more protective effect on renal function compared to hydration alone [12] . Subgroup analysis revealed that the least incidence of CIN was when the patients underwent low-osmolality radiocontrast angiography and adequate hydration with sodium bicarbonate plus NAC. Our findings confirmed that iso-osmolality radiocontrast, in comparison with low-osmolality, increased the incidence of CIN; therefore, increase in osmolality intensified acute renal failure. We could assume that the beneficial effects of sodium bicarbonate might be offset by low-osmolar contrast medium volume, which had a more physiologic profile in terms of renal hemodynamics. CIN following angiography could predispose the incidence of renal failure and requirement of dialysis in high-risk patients with diabetic nephropathy and heart failure [3] [4] [5] [6] [7] [8] . Despite low incidence of requirement of dialysis, it is of high importance because the patients with this complication generally become prone to morbidity, decrease in quality of life, need for renal transplantation, and mortality. Hydration with sodium bicarbonate had no preference for decreasing hemodialysis and mortality in comparison with sodium chloride. Several previous investigations indicated that clinical endpoint such as renal replacement therapy, heart failure, and mortality were not improved following hydration with sodium bicarbonate versus sodium chloride [11, 12] . This result may be explained by the fact that the patients who require dialysis in the period of follow-up, in addition to a history of renal disease before angiography, renal cells toxicity is too severe after exposure to radiocontrast leading to crisis of symptoms and incidence of severe CIN [8, 9] . This condition is malignant to such an extent that change in hydration or even addition of drug supplements cannot have protective effects. Acute nephropathy after angiography could increase the length of hospital stay. The current study revealed that hydration with sodium bicarbonate had more trend of decreasing hospitalization compared to sodium chloride. This decrease might be due to reduction in the incidence of CIN and cares related to renal disorders. A number of studies have found that changes in creatinine levels within 24 to 48 hours after exposure to radiocontrast could be considered as equivalent indicator for new onset CIN [13] [14] [15] [16] [17] [18] . Therefore, an increase of 0.5 mg/dL after angiography demonstrates the incidence of an acute nephropathy. The effects of sodium bicarbonate and sodium chloride on the mean changes of creatinine were not significantly different. Our findings found elevated serum sodium bicarbonate and decreased serum potassium after hydration with sodium bicarbonate. Therefore, in hydration with sodium bicarbonate, patients condition should be monitored regarding acid-base balance and changes in electrolytes levels. Finally it is concluded that hydration with sodium bicarbonate could significantly reduce CIN and the length of hospital stay compared to sodium chloride. In addition NAC added as a supplement to sodium bicarbonate could increase prophylactic effects against nephropathy. It is recommended to regularly monitor the patients following hydration with sodium bicarbonate regarding acid-base balance and changes in potassium level in order to avoid complications.
